A water and an acetone extract of Fucus vesiculosus were evaluated as potential natural 2 sources of antioxidant compounds in skin care emulsions. To assess their efficacy in 3 inhibiting lipid oxidation caused by photo-or thermoxidation, they were stored in 4 darkness and room temperature as control conditions, and compared to samples stored 5 under accelerated conditions (light and room temperature, or darkness and 40 °C). The 6 presence of extracts in the skin care emulsions induced remarkable colour changes when 7 the emulsions were exposed to light, and more extensively under high temperature. 8
INTRODUCTION 15
Natural derived ingredients combined with carrier agents, preservatives, surfactants, 16 humectants and emulsifiers are commonly used in skin care products. A natural 17 ingredient is based on botanically sourced ingredients currently existing in nature (such 18 as herbs, roots, essential oils and flowers), in order to reduce synthetic compounds in 19 the final product. Nowadays, there is an increasing interest in natural ingredients (1) 20 because of the negative perception of the synthetic ones. Thus, the evolution of the 21 cosmetic industry to adapt products to the trends of the XXI century consumer has 22
given rise to new challenges. 23
Emulsions are the most common type of delivery system used in cosmetics, with creams 24 and lotions being the best-known. Skin care emulsions enable a wide variety of active 25 ingredients to be quickly delivered to skin. In this sense, there are many factors that can 26 potentially influence the physical and oxidative stability of these emulsions, such as 27 fatty acids and ionic composition, type and concentration of antioxidants and 28 prooxidants, emulsion droplet size and interfacial properties (2, 3, 4, 5). 29
Lipid oxidation can occur in skin care emulsions (6, 7) and can be triggered or enhanced 30 by light and/or high temperatures. Moreover, the high content of vegetable oils in skin 31 care emulsions´ formulations might contribute to induction of lipid oxidation, causing 32 unpleasant odours, colour changes and in consequence, low quality products (6, 7). 33 Therefore, it is important to limit lipid oxidation and to extend the shelf life of skin care 34 products using natural antioxidants. In addition, some natural antioxidants can give the 35 skin product added functional value. It has recently been suggested that the use of 36 natural antioxidants, such as vitamins A and E, in skin care formulations could provide 37 a preventive therapy for skin photoaging. (8, 9). Moreover, beauty-improving 38 formulations of skin care emulsion with seaweed extracts or micro algae added haveVitamin E is one of the most used natural antioxidants in skin care products, usually 41 added due to its radical scavenging activity (9). However, in highly complex matrices 42 containing trace metals, such as cosmetics products (11), other antioxidant properties 43 such as metal chelating ability might be of relevance. Therefore, to stabilise lipid rich 44 skin care products, extra addition of antioxidants might be necessary. 45
Natural derived antioxidants from various plants and marine algae have shown great 46 potential in improving oxidative stability in these kinds of products. A high variety of 47 (18). Thus, five different types of skin care emulsions were finally obtained: RF 125 (reference, without extract), WE1, WE2, AE1, AE2. Table 1 shows all the ingredients  126 for the fat phase and the aqueous phase (including the extract, when used). These 127 ingredients were weighted in individual pots and heated to 70-75 °C. The oily phase 128 was slowly poured into the water phase under powerful steering (9.500 rpm, Ultra-129 Turrax® T25basic). After the homogenization process, the emulsions were cooled to 130 room temperature. The skin care emulsions were packed in transparent 50 ml 131 The fatty acid composition of the oil phases was determined after fatty acid methylation 145 and analysis by GC-FID. The Bligh and Dyer (23) lipid extract from skin care emulsion, 146 corresponding to 30-60 mg lipid, were weighted in vials. 100 µL toluene, 200 µL 147 heptane with 0.01 % (v/v) BHT and 100 µL internal standard (C23:0) (2 % w/v) were 148 added. One mL of BF 3 in methanol was added to the lipid extract mixture and the lipids 149 were methylated in a one-step procedure using a microwave oven (Multiwave3000SOLV, Anton Paar, Graz, Austria) with a 64MG5 rotor. The settings for the microwave 151
were 5 min at 500 Watt followed by 10 min cooling. The fatty acid methyl esters 152 (FAMEs) were washed with 1 mL saturated NaCl and 0. 
Droplet size distribution 217
The size of fat globules in the o/w emulsion systems was determined by laser diffraction 218 using a Mastersizer 2000 (Malvern Ins.,Worcestershire, UK). 219
The skin care emulsion was diluted 1:9 in SDS buffer (10 mM NaH 2 PO 4 , 5 mM SDS, 220 pH 7) prior to analysis. Droplets of the diluted skin care emulsion was added to 221 recirculation water (3000 rpm) reaching an obscuration of 12-14%. The set-up used was 222 the Fraunhofer method, which assumed that all sizes of particles scatter light with the 223 same efficiency and that the particles are opaque and transmits no light. The refractive 224 index (RI) of sunflower oil at 1.469 and water at 1.330 were used as particle andResults were given as surface area mean diameter D(0.9), which indicates that 90% of 227 the volume of the oil droplets is smaller than this value. 228 229
Colour determination 230
Colour of skin care emulsions was measured using a digital colorimeter (Chromameter-231 2 CR-200, Minolta, Osaka, Japan) to obtain the colour coordinates L*, a* and b*. These 232 values were used to calculate the euclidean distance value 233 The statistical analysis of data was done using the SPSS 15.0 program (SPSS, INC., 244
Chicago, IL, USA). Significance level of p≤0.05 was used for all evaluations. 245
RESULTS AND DISCUSSION 247

Physical changes 248
Droplet size determination 249
The distribution of oil droplets in the skin care emulsions was determined at the 250 beginning and the end of every storage condition (Fig. 1) . D(0.9) value was selected to 251 highlight the differences among samples and treatments. This value indicates that 90% 252 of the volume of droplets is smaller than this value. When an increment in this 253 parameter is observed, a destabilization of the emulsion system is occurring. Regarding 254 the accelerated storage conditions, D(0.9) tended to increase in the presence of light 255 (A+), but a significant increase in D(0.9) was only observed at high temperature (H0). 256
Hence, in all emulsions stored at high temperature, these changes caused a large 257 destabilization of the emulsions, leading to an evident syneresis at the end of the storage 258 (visual evaluation). Due to this observed syneresis effect in H0 stored samples at day 259 56, only samples stored up to 35 days were considered for further analysis in this case. 260
Moreover, WE2 and AE2 showed the highest D(0.9) increments, highlighting that the 261 presence of high doses of these extracts in the skin care emulsions under high 262 temperature could influence the physical stability of the system. In the case of A+ stored 263 samples, only the addition of 2 mg/g of AE extract seemed to decrease the stability of 264 the skin care emulsions, although no syneresis was found. 265 266
Colour 267
In order to evaluate the influence of the presence of some pigments (carotenoids, 268 xantophylls and chlorophylls) on the colour of the emulsions, euclidean distance value 269 (ΔE) was calculated before the storage (day 0). Thus, when comparing colour between 270 the extracts containing samples and the RF at day 0, the calculated ΔE were 3.90, 6.80, 271 4.93 and 7.59 for WE1, WE2, AE1, and AE2, respectively. All these values were higherthan 2, leading to conclude that clear colour differences were noticed between the 273 extract containing samples and the RF (26), with a strong influence of the concentration 274 and extract type of F. vesiculosus used. The instrumental colour data confirmed that, 275 whereas no differences in lightness (L*) and redness (a*) were found, yellowness (b*) 276 was significantly higher (p<0.05) in the emulsion containing extract compared to the 277 RF. These colour differences were dose dependent and higher in the AE containing 278 emulsions as compared to WE ones. These colour differences pointed out that the use of 279 seaweed extracts did not perfectly mimic the characteristic of conventional skin care 280 emulsions, due to the presence of several types of pigments. 281
Additionally, the evolution of the colour was also measured during the storage 282 conditions, and ΔE were also determined (Fig. 2) , comparing, in this case, each sample 283 with their own colour at day 0. Results pointed out that the five emulsions did not 284 maintain the colour during storage, as observed by the ΔE increments in all cases. The 285 increment was higher in the samples with higher amount of extract (WE2 and AE2). 286
Particularly light, and mainly temperature (40 °C), induced remarkable colour changes 287 in the samples containing extracts, whereas the lowest colour changes in the RF sample 288 at high temperature was observed. These changes were a consequence of an increment 289 in a* value and a reduction in the L* value (data not shown), as the samples became 290 more brown over time. The storage conditions could induce oxidative reactions that 291 might affect pigments such as fucuxanthin and chlorophylls and produce colour changes 292 in the samples. However, this deserves more research. 293 294
Oxidative changes 295
Almond oil (Prunus amygdalus) is one of the most valuable skin care oils due to its 296 penetrating, moisturising and restructuring properties, and high content of unsaturated 297 fatty acids. It can be used for numerous skin problems because of their antiinflammatory, emollient, sclerosant and cicatrizing effects (27). Therefore, in the 299 present study, almond oil was used in the formulation of the oil-in-water skin care 300 emulsions. However, the susceptibility of the unsaturated lipids present in almond oil to 301 oxidation might be a major cause of quality deterioration and rancidity in the skin care 302 emulsion. The lipid profile of the samples was determined at the beginning and at the 303 end of the storage in every sample, and it was observed that it remained unchanged 304 during the storage period (data not shown), with oleic acid as the major fatty acid, 305 followed by linoleic, and the saturated ones, palmitic and stearic acid. On average, the 306 fatty acid composition was as follows: 14:0, 0.27%; 16:0, 12.0%; 16:1 (ω-7), 0.11%; 307 18:0, 12.1%; 18:1 (ω-9), 53.8%; 18:1 (ω-7), 0.66%; 18:2 (ω-6), 18.4%; 18:3 (ω-3), 308 0.08%; 20:0, 0.28%; 20:1 (ω-11), 0.47%; 20:4 (ω-6), 0.31%; 22:1 (ω-9), 0.17%. 309 310
Tocopherol content during storage 311
Four tocopherol homologues were detected in the skin care emulsions, α-, β-, γ-, δ-312 tocopherol. The most abundant one at the beginning of the storage was gamma-313 tocopherol (4895±151 µg tocopherol/g skin care emulsion) followed by delta-(1657±94 314 µg tocopherol/g skin care emulsion), alpha-(1329±72 µg tocopherol/g skin care 315 emulsion) and beta-tocopherol (116±10 µg tocopherol/g skin care emulsion), 316
respectively. The addition of seaweed extract did not affect the content of tocopherols. 317 Similar changes were observed in the four homologues, so the sum of all of them was 318 calculated, and represented as the total tocopherol content (TTC) along the storage (Fig  319   3) . The TTC decreased in all samples during storage, and the highest rate of decrease 320 was observed at the high temperature conditions (H0). 321
It is worthy to highlight, that the AE showed the highest tocopherol protective effect atprotective effects only when exposed to light (up to 50 days for WE1) and high 324 temperature storage conditions (up to 20 and 35 days for WE1 and WE2, respectively). 325
This protective effect of WE and AE on tocopherols could be due to a synergistic effect 326 between tocopherol and phenolic compounds or pigments, contributing to the 327 regeneration of tocopherol in skin care emulsions containing extracts. 328 329
Peroxide value (PV) 330
The autoxidation of unsaturated fatty acids is a chain process occurring autocatalytically 331 through free radical intermediates, and it can be accelerated during storage by exposure 332 to light, temperature and in presence of redox metals. On that basis, the primary 333 oxidation compounds, expressed as the peroxide content of the skin care emulsions 334 stored in the different conditions, were determined (Table 2) . Moreover, in the case of high temperature conditions it should be pointed out that a 357 higher oxidation rate, between day 1 and 35, was found in RF (185%), compared to 358 WE2 (102%) and AE2 (110%). The high content of polyphenols in the extracts, with 359 radical scavenger activity could interfere in the lipid oxidation process and thereby slow 360 down fatty acid degradation. 361
Volatile compounds 362
Odour deterioration of lipid containing products is caused mainly by the presence of 363 volatile lipid oxidation products, which have an impact on odour at extremely low 364 concentrations. Compounds formed from decomposition of peroxides during storage 365 can either react with unsaturated lipids to form stable and innocuous alcohols, or 366 undergo fragmentations into aldehydes and ketones causing rancidity in unsaturated 367 matrices (30). Major volatile compounds identified from the headspace of the fifteen 368 samples throughout the storage were: four alkanals (pentanal, hexanal, heptanal and 369 octanal), two alkenals (trans-2-heptenal and 2-octenal) and two alcohols (1-octen-3-ol 370 and 2-ethyl-1-hexanol). These compounds represent groups of secondary oxidation 371 products resulting mainly from the autooxidation of oleic, linoleic and α-linolenic acid 372 (31, 32, 33). Hexanal and 2-octenal showed the highest initial concentrations (248±99 373 and 222±52 ng/g emulsion, respectively). However, others such as pentanal and 374 heptanal showed greater differences among samples and also more evident variationsduring storage compared to their initial concentrations. This was the reason why they 376 were selected to follow their evolution during the whole storage (Fig. 4) . During 377 accelerated storage conditions (A+ and H0), the peroxides decomposition generated 378 higher volatile amounts than in the A0 stored samples, so there was a higher 379 transformation rate from hydroperoxides to secondary oxidation products due to 380 thermo-and photooxidation processes. Furthermore, results showed that temperature 381 had significantly higher effect than light on the formation of volatile compounds, with 382 higher absolute amounts of both aldehydes at the end of the storage. 383
Regarding the presence of extracts, the concentration of pentanal and heptanal varied 384 between skin care emulsions at day 0 and during the storage. On one hand the highest 385 amounts of extracts contributed to increase the pentanal and heptanal concentration at 386 the beginning of all storages conditions. This could be because of the presence of these 387 compounds in the extract itself. Hermund et al., (18) observed higher amounts of some 388 volatile compounds (1-penten-3-ol and 1-penten-3-one) in milk emulsions containing 389
Fucus vesiculosus extracts. 390
On the other hand, in the samples with the highest extract content (WE2 and AE2), 391 pentanal showed significantly lower concentrations in all samples compared to RF at 392 the end of the storage (reduction up to 72% in AE2 samples at A0 storage conditions), 393 whereas heptanal amount was lower than RF only at the end of storage at high 394 temperature (19% reduction). On the other hand, the presence of antioxidant modified 395 the timing of volatile formation. Thus, even though the presence of extract at the 396 beginning of the storage resulted in higher amounts of pentanal and heptanal in all 397 samples, lower oxidation rates were observed during storage in these samples. 398
In particular, in the light stored samples, lower oxidation rates for pentanal and heptanal 399 were found in WE2 (6.7%, 69%, respectively) and AE2 (-35.2%, 40%, respectively) 400 compared to RF (144%, 211%, respectively). Moreover, at high temperature, AE2
showed the best results against the formation of pentanal and heptanal, with oxidation 402 rates of 261% and 281%, respectively, compared to the rates calculated for RF samples 403 (1251% and 1419%). Finally, it is worth noticing that at A0 stored conditions, while 404 RF samples showed an increment of pentanal (81%) and heptanal (71%) between day 1 405 and 56, the highest extract concentration samples lead to a reduction compared to their 406 initial amounts. These results were in agreement with the accumulative effect observed 407 in PV in these samples. The presence of the extract decreased the hydroperoxide 408 decomposition rate to volatile compounds at all storage conditions, with AE2 being the 409 most efficient extract. This information helps to elucidate the antioxidant mechanism of 410 those extracts, which may influence the protection of the peroxides decomposition to 411 secondary oxidation products. However, more studies are needed to confirm these 412 findings. 413 414
CONCLUSIONS 415
The type of antioxidant extract was a key factor in controlling oxidation processes of 416 skin care products influenced by light or temperature. Whereas both water and acetone 417 extracts of Fucus vesiculosus showed (at 2 mg/g of emulsion) protective effect against 418 thermooxidation, only the water extract showed antioxidant activity against 419 photooxidation. Therefore, both the polyphenols content (radical scavenging activity) 420 and, in particular, the presence of phlorotannins (iron-chelating capacity), contributed to 421 decreasing the lipid oxidation. Moreover, the higher carotenoids content in the water 422 extract could inhibit free radical chain reactions caused by the photooxidation process. 423
Fucus vesiculosus extracts, containing polyphenols, were effective in protecting highly-424 unsaturated skin care emulsions but gave rise to colour changes particularly when stored 425 in light or at high temperature. 426
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